In two dimensions, 11 lattice types are mathematically possible, the Kepler nets, but nature offers only few of them in dense crystals. Two-dimensional covalent organic frameworks (2D COFs) offer to overcome this limitation and to provide nets that are to date only possible as photonic lattices or atom-by-atom engineered surface structures. Here we discuss, based on first-principles calculations, 2D kagome lattices composed of polymerized hetero-triangulene units, planar molecules with D3h point group containing a B, C or N center atom and CH2, O or CO bridges. We explore the design principles for a functional lattice made of COFs, which involves control of π-conjugation and electronic structure of the knots. 
Introduction
The properties of a crystalline material are governed by both its lattice geometry and chemical composition. A simple and typical example highlighting the importance of the lattice is the two-dimensional (2D) honeycomb structure of graphene 1 , where the characteristic Dirac cones emerge due to the two hexagonal sub-lattices. Already in 1619 Johannes Kepler reported that only 13 nets with identical knots are possible in two dimensions (as 2 of are enantiomeric today we talk about 11 Kepler nets). 2, 3 Various derivatives of these Kepler nets are possible, an overview can be found, for example, in ref. 4 . However, even fewer than the 11 Kepler nets are found in single-layers exfoliated from natural layered crystals, or on surfaces. As the importance of topology is evident, e.g. from the graphene example, it is intriguing to explore and potentially to exploit the properties of the remaining Kepler nets and of their derivatives. laser writing technique it was possible to produce, e.g., the Lieb lattice, a superstructured square lattice. 21, 22 In 2017, the electronic Lieb lattice was created by single-atom manipulation at a metal surface. [23] [24] [25] While both experiments confirm the intriguing predicted properties of the Lieb lattice, experimental realization requires challenging conditions, most importantly ultracold environment, which is a showstopper for real-world applications.
Molecular framework materials, such as metal-organic frameworks (MOFs) 26 and covalent-organic frameworks (COFs) 27 offer new possibilities to form exotic nets, because molecules, acting as knots, can be designed in such way that their bridging sites reflect the required topology of the net. 2D COFs (also called 2D polymers) offer the opportunity to create exotic lattices, such as square, 28 rectangular, 29 honeycomb, 27, 30 Kagome (kgm) [31] [32] [33] and potentially Lieb lattice structures, which are stable at ambient conditions. 2D COFs have been fabricated by using surface- 34, 35 or interface-36,37 polymerization, and mechanical exfoliation of the layered bulk sometimes is possible. 38, 39 However, in order to realize the desired topological properties of the exotic nets present in the 2D COFs, the molecules marking the knots need to interact electronically with each other. In most cases, the bonds created by the coupling reaction electronically separate the π systems of the monomer units and thus block ballistic charge transport. Full sp 2 conjugation can be achieved if a C=C bond connects the extended monomers to form 2D COFs. 40, 41 Also for the recently reported 2D COFs realized by surface calcination or solution synthesis of hetero-triangulenes (HTs), [42] [43] [44] which form the exotic kgm 2D net, intermolecular π conjugation is expected due to the disperse features in their band structure.
HTs are nearly planar molecules (the selection that is subject of this work is displayed in Figure 1a -f) that have been experimentally studied intensively. [45] [46] [47] [48] [49] We note here that in the reported band structures (Refs. 43 and 50) Dirac cones can be anticipated (we confirm them here), even though the HT centre atoms, which mark the knots of the honeycomb lattice, are separated by distances of more than 1 nm. 
Results and Discussion

kgm COF structures assembled from HT monomers
Highly reactive triangulene is a π radical with two unpaired electrons. 51 , Table S1 and Figure S2 ). They all have similar lattice vectors (17.07…17.62 Å) and pore sizes (11.75…13.10 Å) (Table S1) However, even if they are slightly twisted, their electronic characteristics are maintained and the twisting has negligible impact on the results presented and discussed here (for details, see Figure S3 and Table S1 and 2). . For the flat bands, the lowest effective masses are 1.6 m0, while for some structures the effective masses exceed 100 m0. Table 1 . Calculated effective masses m* for electrons and holes (values for low-mobility carriers are given in italic). For the mobile charge carriers, deformation potential (DP) constant E1, in-plane stiffness C2D and carrier mobility μ for kgm HT(N/B)-COFs along the zigzag direction. Armchair values differ only slightly (see Table S4 ). The calculations were performed at the PBE level of theory.
Electronic properties of the kgm HT-COFs
The triangulene derivatives behave as "superatoms" B, C and N, where an 
Conclusion
To summarize, we have shown that hetero-triangulene derivatives act like sp ones, and as their dispersion is strongly influenced by the bridge groups which mark the edges of the triangles that characterize the kgm lattice structure.
We believe that 2D COFs offer the possibility to realize all 11 Kepler nets, and also its derivatives such as the Lieb lattice. The prerequisites are flat monomers with extended π conjugation and connection points specific to the desired net, and conjugation-preserving coupling reactions. Moreover, the large distance between the knots (here: 1 nm) may allow post-synthetic modification with surface modification techniques. To fully explore this emerging field of chemistry, it is important to develop alternative coupling reactions that go from on-surface calcination to solution synthesis.
Methods
The structures of HT(N/B)s were optimized by using Amsterdam Density Functional (ADF) package. 55 The lattices of kgm COFs were optimized by employing first-principles calculations on basis of density functional theory (DFT), as implemented in Vienna ab initio simulation package (VASP). 56 An efficient memory conserving symmetrization
